Background: Left ventricular hypertrophy (LVH), as assessed by measurement of left ventricular mass (LVM), is one of the most important cardiovascular risk factors. It is commonly present in patients with ischemic heart disease (IHD), irrespective of the level of blood pressure; recently, oxidative stress has been shown to be an important factor in its development. The question then arises: can this risk factor be modified by antioxidant treatment (e.g., with allopurinol, a xanthine oxidase inhibitor)? Methods: This is an observational study with a cross-sectional design which explored the association between long-term (>12 months) allopurinol therapy and LV mass index (LVMI) as well as geometry in patients generally receiving standard treatments for IHD. The primary endpoint was LVMI measurement (by 2D-echocardiography) and secondary endpoints included the association of allopurinol use with LV function (ejection fraction), blood pressure, glycemic control, and lipid profile. Results: Ninety-six patients on standard anti-ischemic drug treatment (control group) and 96 patients who were additionally taking allopurinol (minimum dose 100 mg/day) were enrolled. Both groups were matched for age, sex, height, and co-morbidities, but poorer kidney function in the allopurinol group required further sub-group analysis based on renal function. Allopurinol treatment was associated with the lowest LVMI in the patients with normal serum creatinine (median LVMI; 70.5 g/m 2 ): corresponding values were 76.0 and 87.0 in the control group with, respectively, normal and elevated serum creatinine, and 89.5 in the allopurinol group with elevated serum creatinine (P=0.027). In addition, allopurinol was associated with better glycemic control (HbA1c) with a difference of 0.8% (95% CI; 1.3, 0.2) (P=0.004) as compared with control patients. Conclusion: In our population, treatment with allopurinol (presumably because of its antioxidant properties) has shown a tendency to be associated with smaller LVM in IHD patients with normal serum creatinine, along with better glycemic control.
Introduction
Cardiovascular disease is the most common cause of death worldwide and ischemic heart disease (IHD) is the principal culprit. The Framingham Heart study (1970) established the left ventricular hypertrophy (LVH) as one of the most important risk factors for ischemic heart disease and mortality in a cohort of 5127 men and women over 14 years of follow-up. 1 Electrocardiography was initially used for the detection of LVH, but this was replaced by echocardiographic techniques that allowed reliable, accurate, and non-invasive estimation of left ventricular mass (LVM). Echocardiographic measurements were then obtained in a cohort of 3220 men and women participating in the Framingham Heart study and were followed for 4 years to establish the prognostic value of LVM beyond traditional cardiovascular risk factors. 2 Left ventricular (LV) geometric patterns were later found to possess an independent prognostic significance, with concentric hypertrophy having the worst prognosis, followed by eccentric hypertrophy, concentric remodeling, and normal geometry. 3, 4 In patients with IHD, left ventricular hypertrophy is an essential and common pathological finding irrespective of incident hypertension. 5 In fact, its occurrence in this population carries an adverse impact on survival that is significantly greater than that of multivessel disease or LV systolic dysfunction. 6 Another cardiovascular risk factor that has been significantly associated with LVM is serum uric acid, such association was studied mostly in hypertensive population [7] [8] [9] [10] [11] with sex-related differences, 9, 10 and in general population studies [12] [13] [14] with a wide range of serum uric acid concentration. More recent research has built up that oxidative stress and reactive oxygen species (ROS) (e.g., superoxide (O − 2 ), hydroxyl radical ( • OH), and hydrogen peroxide (H 2 O 2 )) creating nitroso-redox imbalance and mediate the development of LVH and remodeling. 15 Xanthine oxidoreductase or xanthine oxidase (XO) is an enzyme system that is primarily responsible for uric acid production as the terminal product of purine metabolism contributes to the generation of ROS and oxidative stress. This raises the possibility that an "old" class of drugs, i.e., the xanthine oxidase inhibitors, might be repositioned among cardiovascular prevention strategies. The xanthine oxidase inhibitor drug, allopurinol, has shown antioxidant properties and prevented cardiac hypertrophy and remodeling in both animal models [16] [17] [18] and clinical studies [19] [20] [21] in addition to uric acid reduction. Since, concomitant allopurinol therapy is commonly added to standard anti-ischemic drug regimens in patients with IHD, due to hyperuricemia or gout. We sought via this cross-sectional study to explore any extra advantage allopurinol therapy might have on LV structure or geometric pattern in a Saudi population with IHD.
Methods

Study Design and Setting
This is an observational study with a cross-sectional design to test the association between long-term allopurinol use and LV mass index, and LV geometric pattern, on a random sample of patients with IHD, treated with standard anti-ischemic drug regimens. Secondary endpoints included its association with LV function (assessed by ejection fraction EF), blood pressure, glycaemic index, and lipid profile. The reporting system of this study was in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement. 22 And where applicable, sensitivity analysis was performed.
Participants
Selected patients were on regular follow-up with The Heart Center, King Faisal Specialist Hospital and Research Center (KFSH-RC), Riyadh, Saudi Arabia. The KFSH-RC is a 1589-bed tertiary health care institute, and referral center located in Riyadh, the capital of Saudi Arabia. Patients were enrolled into the allopurinol group if they were >18 years of age, diagnosed with ischemic heart disease according to one of the following criteria: cardiac catheterization, CT coronary angiography, cardiac nuclear medicine, or the presence of regional wall motion abnormalities consistent with myocardial ischemia or infarction and receiving allopurinol therapy (with any dose) for gout or hyperuricemia for a minimum of 12month duration.
These patients were selected with the help of Hospital Information Technology Affairs (HITA) with search terms of IHD and allopurinol therapy for all inpatients who were admitted electively or from emergency department from Jan 1st 2010 till Dec 31st 2017. Original search revealed 10,708 patients who were sub-divided to 907 patients on allopurinol therapy (from which active arm was selected randomly) and the remaining 9801 were not on such therapy (from which control patients were selected).
Control patient selection was based on one-to-one matching according to age, sex, and systemic hypertension. Patients were excluded if they were awaiting percutaneous coronary angiography (PCI), coronary artery bypass grafting (CABG) for urgent or severe IHD, had moderate-severe valvular heart disease, or uncontrolled blood pressure (>180/120 mmHg). The study was conducted in accordance with the ethical principles contained in the Declaration of Helsinki (2013), the ICH Harmonized Tripartite Good Clinical Practice Guidelines, the policies and guidelines of the Research Ethics Committee (REC) of the KFSH-RC, and the laws of Saudi Arabia. The study protocol was approved by Research Ethics Committee at KFSH-RC (Project 540 2181034), Riyadh, Saudi Arabia. A waiver of signed consent was obtained based on the study design and lack of intervention.
Study Flow Chart
Suitable patients were identified based on the flow chart presented in Figure 1 .
Variables
Data collected included: demographic information (age, sex, nationality, height, weight, body mass index (BMI)); ischemic heart disease presentation (stable angina, unstable angina, ST-elevation myocardial infarction (STEMI), non ST-elevation myocardial infarction (NSTEMI)); the investigation modality for their IHD (cardiac catheterization, CT coronary angiography, cardiac nuclear imaging, and/or echocardiography); and comorbidities; including systemic hypertension, diabetes mellitus (DM), chronic heart failure (CHF) transient ischemic attacks (TIA), stroke, and smoking status. Their cardiac medications were recorded; these included angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), beta-blockers, calcium channel blockers, nitrates, thiazide/loop diuretics, aldosterone receptor antagonists, antiplatelet agents, and statins. Anti-diabetic medications were also recorded (insulin preparations, sulphonylureas, biguanides, meglitinides, thiazolidinediones, alpha glycosidase inhibitors, dipeptidyl peptidase-4 inhibitors, and glucagon-like peptide-1 analogs). For the allopurinol group, the dose, start date, discontinuation date (if relevant), duration of therapy in months, and serum uric acid (if available).
The transthoracic echocardiogram report was reviewed, and data such as systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), along with LV required dimensions to calculate LV mass (LVM), LV mass index (LVMI), LV geometry pattern, and ejection fraction were incorporated.
The duration of allopurinol therapy was calculated in relation to the date of the echocardiogram report, confirming that it was more than or equal to12 months. Blood biochemistry (renal function test, serum uric acid, glycated hemoglobin (HbA1c), lipid profile) was extracted to match the echocardiogram date. Correspondingly, for the control group, the most recent echocardiogram was taken along with the matching blood biochemistry data. LVM was indexed to body surface area (BSA) (g/m 2 ) and referred to as LVMI because of the strong association between LVM and BSA. 24 Left ventricular relative wall thickness (RWT) was calculated using the formula (2 × posterior wall thickness)/(LV end diastolic dimension). 23 This allows further classification of LV geometry, according to the following criteria: There are reports in the literature that LVH has been underestimated in overweight or obese patients if indexed to BSA. 25 Therefore, it was recommended to use LVM indexed to height to allometric power of 2.7 for more reliable evaluation of LVM in overweight/obese patients. 26 However, the indexation for risk stratification in obese patients remains debatable.
Measurements of LVM, LVMI, and LV Geometric Pattern
Sample Size
According to the study by Myerson et al which calculated the sample size needed to detect a statistically significant change in mean LV mass of 10 g with 90% power, 78 patients in each group would be required if 2D echocardiogram was used for the LVM measurement. 27 Accordingly, 100 patients were targeted for recruitment in each group, with 2 groups of 96 patients included in the final analysis.
Statistical Analysis
Data are reported as mean ± SD for continuous variables and as a number and percentage for categorical variables. Median and interquartile ranges were used for nonnormally distributed data. The two-sample t-test and chisquare test were used to compare the two groups in terms of continuous, and categorical variables, respectively. The Mann-Whitney U-test was used for non-normally distributed data. Relationships between continuous variables were quantified using the Spearman's rank correlation coefficient. Sensitivity analysis was performed to compare LVMI among patient groups using the Kruskal-Wallis test. Multiple linear regression analysis was done for the whole patient population to determine the predictors of LVMI (g/m 2 ). Independent variables included in the model were basic demographic factors (age, sex, SBP, BMI), allopurinol use, underlying systemic hypertension or DM, and serum creatinine. All statistical analyses and normality testing were done using Minitab Statistical Software, V18, Pennsylvania, USA.
Results
Baseline Characteristics
According to the study flow chart, 192 patients (64% male) with IHD (83% diagnosed primarily by cardiac catheterization) were enrolled in the final analysis of the study. Table 1 shows the baseline characteristics of the two patient groups which were matched for age, sex, and height. However, the allopurinol group patients were heavier: with an estimated weight difference of 10 kg (95% CI; 4.3, 16) (P=0.001) and an estimated BMI difference of 3.6 (95% CI; 1.6, 5.6) (P=0.000) (Mann-Whitney U-tests).
The two groups were matched for co-morbidities including systemic hypertension (87%), DM (80%), CHF (29%), stroke (10%), and TIA (3.6% of the participants). They were also matched for their cardiac medications apart from a significantly higher number of patients on calcium channel blockers, loop diuretics and statins in the allopurinol group.
The median dose of allopurinol in this study was relatively small -100 mg/day (a minimum dose of 50 mg/day and a maximum dose of 300 mg/day). This reflects dose adjustments according to kidney function and eGFR in the allopurinol group. The median duration of allopurinol therapy was 31.5 months (a minimum duration was 12 months, and a maximum duration was 87 months). Unfortunately, prior to referral to KFSH-RC, measurements of uric acid were not part of the routine (Table 1) . 
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Study Endpoints
The primary endpoint of this study was to compare LVMI and LV geometric patterns among the two patient groups. Table 2 shows that LVM was higher in the allopurinol group as compared with the control group (P=0.022). This difference disappeared when LVMI (BSA) was compared between the two groups (P=0.340), but it persisted when LVMI (height 2.7 ) was used (P=0.046). Relative wall thickness was similar between the two groups and comparison of the LV geometric patterns failed to show any significant difference. Secondary endpoints of this study included the association of allopurinol therapy with LV function (ejection fraction EF), systolic blood pressure (SBP), diastolic blood pressure (DBP), and lipid profile. None of these endpoints showed a significant difference between study groups ( Table 2 ).
Other Biochemical Endpoints
Glycated hemoglobin (HbA1C), which reflects recent glycemic control over 2-3 months, was found to be significantly lower in the allopurinol group compared with the control group. The estimation for the difference was −0.8% (95% CI; −1.3, −0.2) (P=0.004) in favor of allopurinol therapy, despite similar incidence of DM between the two study groups, and comparable use of insulin and oral hypoglycemic agents (Tables 1-3) . Another observation in this random sample of patients on allopurinol therapy was that they had significantly poorer kidney function when compared with control patients. In our hospital, it was not possible to obtain the exact estimated Glomerular filtration rate (eGFR) if it is above 60 mL/min/1.73 m 2 . Accordingly, GFR stages 1 and 2 are considered as one group. In this combined stage of GFR, there are 18 patients in the allopurinol group (18.75%), as compared with 49 patients in the control group (51.04%) (P=0.000). Based on this classification, the estimation for the difference in eGFR between the two groups was −14 mL/min/1.73 m 2 in allopurinol group compared with the control group (95% CI; −21, −8) (P=0.000). Corresponding difference in serum creatinine was 0.62 mg/dL that came to be higher in allopurinol group compared with controls (95% CI; 0.37, 0.87) (P=0.000) ( Table 2 ). Due to this biochemical limitation, serum creatinine level was used in the multiple linear regression analysis.
Predictors of LVMI and LV Geometric Patterns in This Patient Population
LVMI in this sample of 192 patients with IHD was further analyzed by correlation analysis and multiple linear regression to explore its relationship with the reported hemodynamic or biochemical factors. Table 4 demonstrates that LVM correlated positively with BMI, while LVMI correlated negatively with it. Kidney function estimated by eGFR had a significant negative relationship with LVMI, and serum creatinine had a positive correlation with LVM and LVMI. Age, blood pressure, and serum uric acid were not significantly correlated with LVM or LVMI in this patient population (Table 4) .
Results from the multiple regression analysis showed that the significant predictors of LVMI were female sex (β=−13.30, p=0.005), and serum creatinine (β=6.08, p=0.000). This suggests that LVMI in this patient population is likely to be lower in female patients and higher in those with abnormally high serum creatinine. Allopurinol use was not a significant predictor of LVMI. This model explained 18% of the variability in LVMI, as indicated by the R-square values ( Table 5 ). With such strong relationships between LVMI and BMI and kidney function, and the unexpected differences between the two study groups, sensitivity analysis was performed due to baseline 
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imbalances to see if these confounding factors might have masked any benefit for allopurinol use.
Sensitivity Analysis
Comparison of LVMI (g/m 2 ) among the patients was performed using the Kruskal-Wallis test. The patients were divided into 4 groups based on allopurinol use and serum creatinine: normal serum creatinine, up to 1.2 mg/dL (group 1, n= 24); allopurinol users with normal serum creatinine (group 2, n=70); allopurinol users with abnormally high serum creatinine (group 3, n=57); control patients with normal serum creatinine and (group 4, n=39); control patients with abnormally high serum creatinine ( Table 6 ). LVMI comparisons showed that there were significant differences among the 4 groups: the lowest LVMI value observed in the allopurinol group with normal serum creatinine (median LVMI; 70.5), while corresponding values in the other groups were 76.0 in the control group with normal serum creatinine, 89.5 in the allopurinol group with abnormally high serum creatinine, and 87.0 in the control group with abnormally high serum creatinine (P=0.027) ( Table 6 ). Pairwise comparisons between group 1 vs group 3, and group 2 vs group 4 did not reach statistical significance with, respectively, p=0.377 and p=0.364. Comparison of LVMI indexed to height (g/h 2.7 ) as our population is overweight-obese, among the 4 groups using the same test showed similar results. There is a significant difference among the 4 groups, with the lowest LVMI value observed in the allopurinol group with normal serum creatinine (median LVMI; 35.7), while corresponding values in the other groups were 37.2 in the control group with normal serum creatinine, 47.8 in the allopurinol group with abnormally high serum creatinine, and 44.5 in the control group with abnormally high serum creatinine (P=0.006) (Table 7) . Similarly, pairwise comparisons between group 1 vs group 3, and group 2 vs group 4 did not reach statistical significance with, respectively, p=0.914 and p=0.118.
With regard to LV geometric patterns, similar comparisons among the 4 groups, i.e, group 1 vs group 3, and group 2 vs group 4, showed no significant differences with, respectively, p=0.576 and p=0.461 (data not shown).
Considering the difference in BMI between the two groups, LVMI was compared among the patient groups with regard to allopurinol use and BMI up to a normal value of 25 using similar analyses (group 1, n=18); allopurinol users with normal BMI (group 2, n=78); allopurinol users with abnormally high BMI (group 3, n=23); control patients with normal BMI and (group 4, n= 73); control patients with abnormally high BMI. There were no significant differences in LVMI or LV geometric patterns among the 4 groups (data not shown). 
Discussion
This cross-sectional study was designed to test the association between long-term allopurinol use and LVMI in a Saudi population of patients with IHD, but the results were compromised by a higher incidence of CKD and a higher BMI in the allopurinol group. However, sensitivity analysis based on normal or abnormal serum creatinine showed a trend for allopurinol use to be associated with smaller LVMI (g/m 2 ) in patient with normal serum creatinine. The same trend was observed when we analyzed LVMI (g/h 2.7 ). Ultimately, the lack of statistical significance may simply reflect different reasons and lack of statistical power. For example, the unexpected differences between the groups in renal function and BMI, and then issues relating to the dose of allopurinol, the method of LVM measurements, the baseline values of LVM in our population, and other confounding factors.
First, the matching process between the two groups was designed to be 1-to-1 matching based on age, sex, and systemic hypertension as the most important factors associated with LVM. 5, 28, 29 The unpredicted differences in BMI and renal functionmedian BMI was 3.6 kg/m 2 higher and eGFR was14 mL/min/1.73 m 2 lower in the allopurinol groupwould have had an effect on the measured LVMI, as these two co-morbid factors are associated with higher LVMI. 30, 31 Secondly, when we compare our results with the three prospective studies that assessed changes in LVMI in response to allopurinol therapy, [19] [20] [21] these well-designed studies had a small yet statistically significant decrease in left ventricular mass index (LVMI; in g/m 2 ), as assessed by cardiac magnetic resonance (CMR) imaging after 9 months allopurinol therapy. The first study by Kao et al was conducted on patients with chronic kidney disease, 19 the second study was on patients with type 2 diabetes mellitus (DM); 20 moreover, the last study was on patients with IHD. 21 Such benefit was found to be independent from uric acid reduction. 19, 21 These studies used higher doses (in the range of 300-600 mg/day, while the median dose in our study was 100 mg/day). A further consideration is that all used cardiac magnetic resonance (CMR) methods which have better accuracy and reproducibility when compared with 2D echocardiography 32 and hence smaller sample size requirements. 27 Another observation of note is that the baseline LVMI in their populations was 61.6, 19 60.67, 20 and 70.98 g/m 2 , 21 and these are lower than the 79 g/m 2 in our control group. This raises issues relating to allopurinol dosage and potential reversibility: for example, the composition of the myocardial tissue, in particular, myocardial fibrosis which is more likely in patients with CKD. 33, 34 Thirdly, other confounding factors related to concurrent medications which our patient's population were maintained on, require cautious interpretation. While allopurinol and control groups were matched for ACEI, ARBs, and beta-blockers intake, larger numbers of patients in allopurinol group were on calcium channel blockers (possess urate lowering properties) and loop diuretics (possess urate increasing properties). 35 With regard to secondary endpoints, there were no significant changes in EF, blood pressure, or lipid profile. This is in agreement with the three aforementioned clinical studies although positive results have been reported elsewhere. [36] [37] [38] The significant difference in HbA1C between the two groups in favor of allopurinol therapy, with an estimated difference of 0.8% between the two groups who were matched for incidence and treatment of DM, can be interpreted as a potential advantage for allopurinol therapy in our population. Cautiously, we can interpret this potential advantage to be of greater magnitude since higher numbers of patients in the allopurinol group were receiving statins and loop diuretics, both of which are known to increase insulin resistance. [39] [40] [41] [42] The observed difference, although small, is clinically significant as 1% rise in HbA1c has been associated with a 30% increase in all-cause mortality and a 40% increase in cardiovascular/IHD mortality in diabetic patients, whilst a reduction of 0.2% could reduce all causemortality by 10%. 43 Our results are supported by a few studies in the literature reporting that allopurinol therapy improved insulin sensitivity in a population with type 2 DM and another with asymptomatic hyperuricemia. [44] [45] [46] In animal models, several different mechanisms have been identified to account for this beneficial effect. [47] [48] [49] [50] Allopurinol is an "old" drug that has shown promising effects beyond reducing uric acid production, albeit doseresponse issues require clarification. Its antioxidant properties on endothelial function in CHF patients have been shown to be dose-dependent (300 mg vs 600 mg/d) 51 and its anti-ischemic properties in patients with IHD were demonstrated with high dose (600 mg/day). 52 On the other hand, such dose (600 mg/d) did not show any benefit on clinical status, exercise capacity, or quality of life in high-risk heart failure patients at 24 weeks, a duration that might have not been long enough to observe any benefits (EXACT-HF study). 53 In another two studies, doses ≥ 300 mg/day in comparison with controls were associated with a 31% risk reduction for cardiovascular events and a 25% risk reduction for mortality in a population-based cohort study, 54 and a reduced risk of non-fatal myocardial infarction in another population-based case-control study OR=0.30 (95% CI; 0.13, 0.72). 55 A third study demonstrated that doses ≥ 300 mg/day in comparison with low doses were associated with a 41% risk reduction in allcause mortality in a population with chronic heart failure. 56 In contrast, beneficial results with doses smaller than 300 mg/d have also been reported in the literature: for example, improvement in endothelial function was shown with a 300 mg/d dose in patients with CKD, 57 while a -100 mg/day dose has been found to slow renal disease progression and reduce the risk of cardiovascular events in the same population. 58, 59 Therefore, future studies are needed to assess the effect of allopurinol treatment on LVM on a larger Saudi population stratified according to renal function, and assessed via cardiac magnetic resonance, preferably with gadolinium administration to assess myocardial fibrosis, in addition to LVM and geometric pattern. Correspondingly, the question of improved glycemic control would be better tested and confirmed on a larger population.
Study Limitations
Our study has a number of limitations, first, the method of measurement of LVM was 2D echocardiogram. A 3D echocardiogram would be preferred and comparable to CMR in accuracy and reproducibility. 27 In our hospital, there is a current change to assess LVM with 3D echocardiogram which would facilitate future studies. Second, the power calculation and sample size were based on a minimum of 78 patients in each group; however, subgroup analysis did not necessarily have adequate power. Third, our data are missing uric acid concentration in all patients which could have allowed studying its contribution to LVMI in our population as reported in other populations. 13 
Conclusion
Allopurinol is an established drug (for the treatment of gout) that is being repositioned among cardiovascular prevention strategies on account of its antioxidant properties. While dose-response issues require clarification, it has been shown despite the limitations of this study to be associated with smaller LVMI in this observational study.
Concomitantly, its use was also associated with better glycemic control.
These findings, along with others in the current literature, encourage more research on the extended effects of allopurinol treatment, e.g., regression of LVH, endothelial function, and glycemic control. However, definitive answers will require prospective studies (ideally) with state-of-the-art methodologies.
